The use of the Ca2(+)-sensitive intramitochondrial dehydrogenases and entrapped fura-2 to study Sr2+ and Ba2+ transport across the inner membrane of mammalian mitochondria.
In extracts of rat heart mitochondria, Sr2+ mimicked the activatory effects of Ca2+ on the Ca2(+)-sensitive intramitochondrial enzymes, pyruvate dehydrogenase phosphate phosphatase, isocitrate dehydrogenase (NAD+), and 2-oxoglutarate dehydrogenase, but at about tenfold higher concentrations (effective range approximately 1-100 muM) in each case. Ba2+ had no effect on extracted phosphatase, but did mimic the effect of Ca2+ on the other two enzymes with effective concentration ranges similar to those of Sr2+; as with Ca2+ and Sr2+, effective Ba2+ ranges were slightly (2-3-fold) raised by increases in ATP/ADP. In intact uncoupled rat heart mitochondria, the effects of Sr2+ and Ba2+ on the pyruvate and 2-oxoglutarate dehydrogenases were essentially similar to their effects in extracts. In fully coupled rat heart or liver mitochondria, the effective concentration ranges of extramitochondrial Sr2+, leading to activation of the matrix enzymes, were always approximately tenfold higher than those for Ca2+ under all conditions. Ba2+ did not affect pyruvate dehydrogenase in coupled mitochondria, but was shown to activate 2-oxoglutarate dehydrogenase in heart or liver mitochondria, and also isocitrate dehydrogenase (NAD+) in the latter; effective concentration ranges for extramitochondrial Ba2+ were approximately 100-fold greater than those for Ca2+, and like those for Ca2+ and Sr2+, were affected markedly by Mg2+ and spermine (which inhibit and promote mitochondrial Ca2+ uptake, respectively) but, in contrast to Ca2+ and Sr2+, they were hardly affected at all by Na+ (which promotes mitochondrial Ca2+ egress). Ba2+ effects were also blocked by ruthenium red (an inhibitor of mitochondrial Ca2+ uptake), but not so effectively as its blockage of the effects of Sr2+ and Ca2+. Ba2+ and Sr2+ both mimicked the inhibitory effects of extramitochondrial Ca2+ on the Na+/Ca2+ exchanger, but only Sr2+ could mimic Ca2+ in exchanging for internal Ca2+ by this mechanism. Both Sr2+ and Ba2+ changed the fluorescent properties of fura-2 or indo-1 in a similar manner to Ca2+, but with higher kd values. In fura-2-loaded rat heart mitochondria, increases in matrix Sr2+ and Ba2+ and the effects of the transport effectors could be readily demonstrated.